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JP 63296936 A 

1. Title of the Invention 

Formable nonwoven sheet with Three-dimensional Pattern 

2. Claims 

(1) A formable composite sheet with a three-dimensional pattern characterized by 
comprising a skin material and a nonwoven sheet containing at least 10% by weight of 
polyester fiber having a crystallinity index of 15% or higher and lower than 45%, the 
skin material and the nonwoven sheet being bonded together, and having, on the skin 
material side thereof, a three-dimensional pattern composed of flat parts and random 
protruded parts. 

(2) A formable composite sheet with a three-dimensional pattern according to 
claim 1, characterized by having an elongation at break of 70% or more at 120°C and a 
stress at 30% elongation of 50 kg/cm 2 or less at 120°C 

(3) A process of producing a formable composite sheet with a three-dimensional 
pattern, characterized by comprising the steps of adhering a low shrinking skin material 
and a nonwoven sheet containing a high shrinking polyester fiber, heat embossing the 
resulting laminate, and thermally shrinking the laminate. 

(4) A process of producing a formable composite sheet with a three-dimensional 
pattern according to claim 3, characterized in that the high shrinking polyester fiber has 
a birefringence of 0.01 to 0.07 and a crystallinity index of 15% or higher and lower than 
45%. 

3. Detailed Description of the Invention 
[Industrial Field of Application] 

The present invention relates to a formable composite sheet which comprises a 
skin material and a shrunken nonwoven sheet joined together, has a three-dimensional 
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pattern composed of flat parts and protruded parts on the skin material side thereof, and 
is excellent in appearance and formability. 
[Prior Art] 

Artificial leather such as PVC leather is widely used in bags, cases, pouches, 
etc. Appearance quality is of high importance for these kinds of goods. 

In order to improve surface appearance for providing wide varieties of goods, 
surfacing materials are given a three-dimensional texture or a pattern by embossing, 
pattern transfer using a release sheet, printing or like processing. 

In particular, three-dimensional patterning is an important factor for adding a 
high grade appearance to products. Embossing has usually been adopted for this 
purpose, but embossing has a limit in achievable depth of pattern. For example, a deep 
embossed pattern cannot be obtained without increasing the thickness of a sheet to be 
embossed, and this makes the texture coarse and hard. 

JP-B-52-44917 proposes a process of forming projections (wrinkles) by 
making use of a shrinkable material. When the known sheet is caused to thermally 
shrink, it shrinks to the limit of the base material unless shrinkage is restricted by some 
means. So, in industrial production, thermal shrinkage is often controlled so as to 
result in specific width and length as designed according to the purpose. When a pin 
tenter or like means is used to control shrinkage of a sheet, the center of the sheet sags 
while the edges are held horizontal, so that heating of the sheet becomes non-uniform. 
As a result, the sheet surface can form projections (wrinkles) in a curved pattern, or the 
projections formed can vary in size. Moreover, according to the process, although a 
three-dimensional pattern of projections are formed on the surface, the pattern is 
monotonous, and a variety of patterns cannot be realized. 

On the other hand, conventional artificial leather inclusive of PVC leather is 
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fabricated into products, such as bags, cases, and pouches, through cutting, sewing, and 
laminating. For streamlining fabrication steps, techniques of integrally forming 
artificial leather have been desired. 

However, lack of extensibility and heat set capability of conventionally known 
artificial leather including PVC leather makes it difficult to form into products involving 
large deformation of a forming material or products having a complicated shape. 

Additionally, the depth of patterns given to the surface by conventional 
techniques is not larger than 1.0 mm in most cases. Therefore, a surface pattern 
provided by sheet forming disappears easily. 
[Problems the Invention is to Solve] 

An object of the present invention is to provide a composite sheet which has a 
three-dimensional pattern of high projections (deep depressions) evenly distributed on 
its surface and is lightweight, flexible, and easily formable; and a process of producing 
the composite sheet. 
[Means for Solving the Problems] 

The object of the invention is accomplished by a formable composite sheet 
with a three-dimensional pattern characterized by comprising a skin material and a 
nonwoven sheet containing at least 10% by weight of polyester fiber having a 
crystallinity index of 15% or higher and lower than 45%, the skin material and the 
nonwoven sheet being bonded together, and having, on the skin material side thereof, a 
three-dimensional pattern composed of flat parts and random protruded parts. 

The formable composite sheet is produced by a process characterized by 
comprising the steps of adhering a low shrinking skin material and a nonwoven sheet 
containing a high shrinking polyester fiber, heat embossing the resulting laminate, and 
thermally shrinking the laminate. The three-dimensional pattern of the formable 
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composite sheet of the present invention is one resulting from a difference in shrinkage 
between the skin material and the nonwoven sheet. Therefore, the composite sheet is 
characterized in that the skin material forming the surface has the same thickness in the 
flat parts and in the protruded parts. This means that the physical strength originally 
possessed by the skin material is retained over the entire surface of the composite sheet. 

As stated previously, the skin material is a sheet material having substantially 
no thermal shrinkability. For example, the sheet material has a shrinkage percentage 
of 10% or less, preferably 5% or less, at a dry heat temperature of 120°C. In using 
film as a sheet material, soft film having a thickness of 10 to 100 |i is preferred. In 
using a fibrous sheet, a lightweight soft sheet made up of fine fibers is preferably used 
for easy formation of a three-dimensional pattern. For example, a fibrous sheet having 
a basis weight of 20 g/m 2 to 150 g/m 2 and a fiber fineness of 0.2 denier to 5.0 denier is 
preferred. 

The skin material which can be used includes synthetic resin films, such as 
polyurethane film, polyvinyl chloride film, and polyester film; metal foils; and fibrous 
sheets, such as woven fabric, knitted fabric, and nonwoven fabric. 

The nonwoven sheet in the formable composite sheet of the invention is a sheet 
obtained by thermally shrinking a high shrinking nonwoven sheet containing partially 
oriented polyester yarn having a birefringence of 0.01 to 0.07, a crystallinity index of 
15% or higher and lower than 45%, and a shrinkage percentage of 15% to 70% at a dry 
heat temperature of 120°C. 

The nonwoven sheet comprising the partially oriented polyester yarn includes a 
filament nonwoven sheet and a staple fiber nonwoven sheet. The filament nonwoven 
sheet is obtained by melt spinning a polyester-based polymer at a spinning speed of 
1600 to 4000m/min and fabricating the spun fibers into a sheet by a known spun 
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bonding process. The staple fiber nonwoven sheet is obtained by cutting the above- 
described continuous spun fibers into staple fiber, which is fabricated into a sheet by, for 
example, carding. A filament nonwoven sheet is preferred where the composite sheet 
is to be formed. 

The polymers used to prepare the partially oriented polyester yarn include 
polyesters, e.g., polyethylene terephthalate, and co-polyesters. Crystallizable polymers 
which show glass transition at room temperature or higher temperatures, are capable of 
forming partially oriented yarn having a substantially amorphous state, and crystallize 
on being heated are used. 

The crystallinity index of the nonwoven sheet in the formable composite sheet 
should be at least 15% and lower than 45%. This requirement is for preventing 
thermal deterioration at a forming temperature, facilitating forming, preventing 
deformation after forming, and improving dimensional stability after forming as 
described in Japanese Patent Application No. 61-121238 filed by the same applicant of 
the present invention. If the crystallinity index is lower than 15%, the nonwoven sheet 
deteriorates, changes in color, and fuses to the mold at a forming temperature only to 
produce formings with poor strength. If it exceeds 45%, the composite sheet is 
difficult to form into deep formings or complicatedly shaped formings due to 
insufficient stretchability of the nonwoven sheet. 

The nonwoven sheet can be made solely of the partially oriented polyester yarn. 
Otherwise, other fibers, such as natural fibers, regenerated fibers or other synthetic 
fibers, can be mixed with, or superposed on, the partially oriented polyester yarn unless 
the effects of the invention, i.e., thermal shrinkability and formability, are not impaired. 

The proportion of the partially oriented polyester yarn in the nonwoven sheet 
should be at least 10% by weight, preferably at least 30% by weight. One of the 
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reasons for this limitation is not to impair thermal shrinkability necessary to form a 
three-dimensional pattern, the object of the invention. At a partially oriented polyester 
yarn content of 30% by weight, the thermal shrinkability reduces by 40 to 50% 
compared with 100 wt%. At 10 wt%, the thermal shrinkability reduces by 50 to 70%. 

Another reason is not to impair formability. At a partially oriented polyester 
yarn content of 30% by weight, the hot elongation at break reduces by 30 to 50% as 
compared with 100 wt%. At 10wt%, the hot elongation at break reduces by 40 to 
60%. Additionally, with a small proportion of the partially oriented polyester yarn, 
crystallization occurs at a forming temperature, and the resulting formed product tends 
to be unsatisfactory in characteristics such as heat resistance and shape retention against 
outer force. The proportion of the partially oriented polyester yarn is to be selected 
taking these conditions into consideration in light of the final use. 

Bonding or interlacing of fibers constituting the nonwoven sheet is carried out 
by known processing, such as embossing or needle punching. Needle punching is 
preferred for obtaining a nonwoven sheet with soft hand. Where embossing is adopted, 
it is necessary to control the heat embossing roll temperature within a range of from the 
glass transition temperature (Tg) to (Tg-H50)°C so that the resulting nonwoven sheet 
may be still shrinkable. 

The formable composite sheet of the present invention is composed of the skin 
material and the nonwoven sheet bonded to each other. 

Bonding is carried out by applying a thermoplastic adhesive, such as a 
polyacrylic ester adhesive or a polyurethane adhesive, or a reactive adhesive containing 
an isocyanate crosslinking agent in a known manner, such as gravure roll coating or 
spraying. Although the kind, the amount, and processing of the adhesive are not 
particularly limited, it is important to decide these factors not to cause layer separation 
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during production steps (such as shrinking or forming) or during use of final products. 

The great feature of the formable composite sheet of the invention resides in 
the pattern formed on its surface, the pattern being composed of flat parts and random 
protruded parts. In order to realize this feature, there must be shrunken parts and non- 
shrunken parts in a mixed arrangement in the formable composite sheet. Hence, the 
partially oriented polyester yarn sheet is partially hot pressed with a heat embossing roll 
to form shrinkable parts and non-shrinkable parts according to a design. 

The partially oriented polyester yarn in the parts hot-pressed with bosses of the 
heat embossing roll undergoes crystallization and is restrained from shrinking or heat- 
set to become non-shrinkable parts. The other parts remain shrinkable. As a whole, 
the heat-embossed composite sheet has parts that will shrink in the next step of thermal 
shrinkage mixed with parts that will not. 

It is advisable that the partial hot pressing be conducted by using a pair of hot 
rolls having a total embossing area of 3 to 50% and a surface temperature ranging from 
(Tg+30)°C to (melting point-50)°C. 

The partially hot-pressed composite sheet is then caused to shrink by heat 
treatment to form random protrusions on the non-hot-pressed parts. 

The heat treatment for shrinkage is performed in a temperature range that does 
not damage the skin material, the nonwoven sheet, and the adhesive and under 
conditions selected so that the composite sheet may shrink to 10% to 70% of the 
original area. The composite sheet is allowed to shrink without restraint on an endless 
screen with which a heat treatment at a temperature of from Tg to (melting point-50)°C 
can be given for several seconds to several minutes, or under restraint by a pin tenter, a 
clip tenter, and the like 

The formable composite sheet with a three-dimensional pattern produced by 
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the above-described process has its surface composed of flat parts (the parts having 
been hot pressed and heat set to lose shrinkability) and protruded parts (the parts not 
having been hot pressed and having been heat treated to shrink). 

There is thus obtained a formable composite sheet having a three-dimensional 
decorative appearance, lightness, and soft hand and thereby fulfilling the object of the 
invention. 

Besides having an excellent appearance, the formable composite sheet of the 
invention has no or imperceptible drawbacks of conventional sheet materials having a 
pattern of wrinkles formed by utilizing a shrinkable material. That is, a conventional 
composite sheet tends to develop distorted wrinkles because of difference between 
edges and the center of the composite sheet or uhevenness of the pattern due to 
unevenness of basis weight, which seriously ruin the commercial value of final products. 
The present invention solves these problems by providing the composite sheet with non- 
shrinkable parts. This is to be mentioned as a significant feature of the composite 
sheet according to the invention. 

Furthermore, the partial hot pressing prevents the back side of the nonwoven 
sheet from fuzzing up, makes the composite sheet more stable in dimension (resistant 
against stretch by physical force), and improves the adhesion between the skin material 
and the nonwoven sheet. 

The foregoing is the effects produced by the composite sheet's having non- 
shrinking parts formed by partial hot pressing. 

The present invention will now be illustrated in greater detail by way of the 
accompanying drawings. 

Figs. 1A and IB schematically represent a perspective and a cross-section, 
respectively, of a formable composite sheet with three-dimensional pattern according to 
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the present invention. 

In the Figures numeral 1 indicates a part where a non-pressed part has 
shrunken on being heated to form random protrusions, and numeral 2 indicates a part 
that has been heat set by partial hot pressing and become non-shrinkable to provide a 
flat part. Numeral 3 is a skin material; 4, an adhesive; and 5, a nonwoven sheet. 

The skin material 3 forms the surface of the composite sheet. Since the skin 
material 3 has the same thickness in the protruded parts and the flat parts, it exhibits 
high physical strength. 

With the skin material 3 and the nonwoven sheet 5 being bonded into a unitary 
sheet with the adhesive 4, the three-dimensional pattern of protrusions hardly lose its 
shape. This is because the skin material and the nonwoven sheet are adhered to each 
other over substantially the entire area, with the adhesive and the fibers being present in 
the protrusions. 

Figs. 2A and 2B each schematically show a cross-section of a formed product 
obtained by forming a formable composite sheet with three-dimensional pattern 
according to the present invention. 

The formable composite sheet of the present invention is formable by any 
known forming techniques, such as vacuum forming, pressure forming, and pressing. 
By heating or preheating the composite sheet to 90°C to 220°C, the composite sheet can 
be formed into deep formings or complicatedly shaped formings. 

Owing to its excellent formability, the composite sheet of the invention can be 
formed without suffering from thickness unevenness, breakage, etc. to produce 
formings with excellent high-grade appearance. In addition, the formings obtained by 
using the composite sheet of the invention are less susceptible to shrinkage or 
deformation by heat. 
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Fig. 2A shows a formed article obtained by forming a composite sheet (having 
a three-dimensional pattern formed on its surface by thermal shrinkage) within a 
forming condition that allows the three-dimensional pattern to remain. Numeral 6 
shows a part where the composite sheet has not been stretched and therefore undergone 
no surface change. Numeral 7 indicates a part where the composite sheet has been 
stretched by forming and has slightly flattened the three-dimensional pattern. 

Fig. 2B shows a formed article obtained by forming the composite sheet to a 
larger degree of deformation than in the case of Fig. 2 A, in which numeral 9 indicates a 
part that has been deformed to such a degree that the three-dimensional pattern 
disappears. Numeral 8 is a part where the composite sheet has not been stretched and 
therefore keeps the three-dimensional pattern on its surface. 

As far as the formable composite sheet of the invention is subjected to forming 
within the condition of Fig. 2 A, a formed product is obtained by stretching the wrinkles 
resulting from the thermal shrinkage without stretching the skin material per se. The 
formable composite sheet of the invention is thus characterized by its formability even 
though the skin material has small stretchability. 

Because the nonwoven sheet of the formable composite sheet of the invention 
comprises partially oriented polyester yarn, it has the character of getting easily 
stretchable on being heated or preheated and increasing crystallinity and orientation on 
being formed to provide formings excellent in heat resistance, shape retention, and the 
like. 

[Examples] 

The present invention will now be illustrated in greater detail with reference to 
Examples. Definitions of characteristics referred to in Examples and methods of 
measuring the characteristics are described below. 



10 



1) Appearance quality of surface 

The condition (appearance quality) of the surface formed by thermal shrinkage 
is evaluated according to the following rating system. 
Rating system: 

O: The three-dimensional pattern is uniform all over the surface. 

X: Distortion occurs between the edges and the center. Unevenness of 

the protrusions in size, which is ascribed to unevenness of basis 

weight, is noticeable. 

2) Thickness 

Measured with a dial gauge (load: 80 g/cm 2 ) on at least three points to obtain 
an average. 

3) Dry heat shrinkage percentage at 120°C 
3-1) Single fiber 

The length of a sample fiber under a load of 0. 1 g/d (L 0 ) was measured. The 
sample was allowed to stand in a 120°C atmosphere for 5 minutes with no load applied, 
and the length (L) of the sample was measured again under the same load. The 
shrinkage percentage is expressed by (L 0 -L)/L 0 x 100. 
3-2) Sheet 

A 25 cm square specimen was cut out of a sample sheet. Marks were made 
on positions 20 cm apart in both the machine and transverse directions. The specimen 
was allowed to stand in a hot air drier at 120°C for 5 minutes, and the dimensional 
changes were measured to obtain a shrinkage percentage. Measurement was made for 
five specimens per sample (n=5) to obtain an average. 
4) Crystallinity index 

A crystallinity index was obtained from equatorial X-ray diffraction intensity. 
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X-ray diffraction intensities were measured using an X-ray generator (RU-200PL 
supplied by Rigaku Denki), a goniometer (SG-9R), a scintillation counter, and a pulse 
height analyzer. CuKa radiation (wavelength: 1.5418A) monochromated through a 
nickel filter was used. 

A sample fiber was mounted on an aluminum sample holder with the fiber axis 
perpendicular to the diffraction plane. The sample thickness was set at about 0.5 m/m. 
The X-ray generator was operated at 30 kV and 80 mA. Diffraction intensities were 
recorded between 29=35° and 7° under conditions: scanning speed, l°/min; chart speed, 
10 mm/min; time constant, 1 second; divergence slit, 1/2°; receiving slit, 0.3 m/m; and 
scattering slit, 1/2°. The full scale of the recorder was set so that the diffraction 
intensity curve might be within it. 

Polyethylene terephthalate fiber generally shows three main reflections in an 
equatorial diffraction angle range of 20=17° and 26°, (100) plane, (010) plane, and 
(110) from low to high angle. Fig. 3 is an example of the X-ray diffraction intensity 
curve of polyethylene terephthalate fiber, in which a indicates a crystalline region, and h 
an amorphous region. 

A crystallinity index is obtained as follows. A straight line is drawn to 
connect the feet of the resulting diffraction intensity curve between 20=7°C and 29=35°, 
which is taken as a base line. As depicted in Fig. 3, a straight line is drawn to connect 
the valley near 29=20° with the foot in the lower angle side and the foot in the higher 
angle side. The curve is thus divided into a crystalline region and an amorphous 
region. The crystallinity index is calculated according to equation: 

Crystallinity index = scattering intensity of crystalline region/total scattering 

intensity x 100 
5) Birefringence (An) 
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Measured with a polarizing microscope equipped with a Berek compensator 
under white light. 

6) Strength and elongation (JIS LI 096) 

A strength-elongation curve was prepared with a universal tensile tester (Auto 
Graph DSS-2000 from Shimadzu Corp.) under conditions: distance between jaws, 
10 cm; pulling speed, 20 cm/min; and temperature, 25°C and 120°C, 

A stress at 30% elongation (30% elongation stress) is represented by dividing 
the strength at 30% elongation by the cross-sectional area of a sample. 

7) Tear strength (JIS LI 096) 

A specimen having a size of 5 cm in the machine direction and 15 cm in the 
transverse direction was tested on the same tensile tester as used in (6) (single tang 
method). 

8) Peel strength 

A peel strength between the skin material and the nonwoven sheet per a 
specimen width of 3 cm was measured with the same tester as used in (6). 

9) Stiffness (JIS LI 096 A) 

A 2 cm wide specimen was placed on a horizontal stage having a smooth 
surface and a 45° downward incline on its one side, with the end of the specimen even 
with the top of the incline. The specimen was slowly slid toward the incline. The 
stiffness of the specimen is represented by the sliding length of the specimen measured 
when the middle point of that end of the specimen reached the incline. 

10) Fuzz resistance of nonwoven sheet 

A 3 cm wide and 20 cm long specimen was given 100 double strokes of 
rubbing under a load of 300 g on an abrasion tester II (JSPS type). Appearance change 
of the specimen was evaluated according to the following rating system as a measure of 
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abrasion resistance. 
Rating system: 

A: No fuzzing at all. 

B: Slight inconspicuous fuzzing. 

C: Conspicuous fuzzing. 

11) Formability 

A composite sheet was heated to 140° and vacuum formed in a mold having 
the shape of a circular truncated cone with a top diameter of 10 cm, a base diameter of 
8 cm, and a variable depth. Formability was evaluated by the ratio of the sheet area 
after draw forming (S^ to the area before forming (S 0 ), S x /S 0 . Forming was carried out 
at the area ratio S,/S 0 varying between 2.0 and 3.0, and the resulting formed articles 
were evaluated according to the following rating system. 
Rating system: 

O: Neither breakage nor thickness non-uniformity. 

A: No breakage but noticeable non-uniformity in thickness. 

X: Breakage and noticeable non-uniformity in thickness. 

12) Heat resistance of formings 

The formed article was heat treated at 160°C for 5 minutes, and deformation 
and shrinkage after the heating were rated as follows. 
Rating system: 

O: Neither deformation nor shrinkage. 

X: Deformation and shrinkage. 

EXAMPLE 1 

Polyethylene terephthalate having an intrinsic viscosity of 0.72 was melt spun 
at 290°C through a rectangular nozzle having 1000 orifices with a diameter of 0.25 at a 
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throughput of 850 g/min and a spinning speed of 2600 m/min under a controlled air 
pressure of the drawing sucker located 1000 mm right below the nozzle to obtain a web 
of partially oriented polyester filaments at a rate of 100 g/min (crystallinity index: 28%; 
birefringence: 0.024; fineness: 3.7 denier; 120°C dry heat shrinkage percentage: 56%). 

The resulting filament web was needle punched with felting needles #40 (from 
Organ Needle Co., Ltd.) under conditions of a penetration depth of 12 mm and a density 
of 140 punches/cm 2 to obtain a high shrinking nonwoven sheet (120°C dry heat 
shrinkage percentage: 48% in MD, 43% in TD). 

A resin solution consisting of a urethane resin (Crysvon 7367SL from 
Dainippon Ink & Chemicals, Inc.) and small amounts of a pigment and additives was 
applied to a release sheet to make a 25 |i thick urethane film (120°C dry heat shrinkage 
percentage: 2% in MD, 1% in TD), which was used as a low shrinking skin material. 

A urethane adhesive (Crysvon 4160 from Dainippon Ink & Chemicals) was 
applied to the back side of the low shrinking skin material at a spread of 20 g/m 2 , and 
the skin material was adhered to the high shrinking nonwoven sheet to prepare a high 
shrinking composite sheet. 

The high shrinking composite sheet was partially hot pressed by heat 
embossing. Heat embossing was carried out using a resin roll and a heat embossing 
roll having rectangular bosses of 2.2 cm 2 each in a total embossing area ratio of 32% at 
a temperature of 140°C, under a pressure of 20 kg/cm, and a processing speed of 
25 m/min. The composite sheet was passed therethrough with its nonwoven sheet side 
in contact with the heat embossing roll. 

The partially hot-pressed, high-shrinking composite sheet was held on a pin 
tenter adjusted to result in a 30% area shrinkage and allowed to shrink in both MD and 
TD in an atmosphere of 120°C for 45 seconds to obtain a formable composite sheet with 
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a three-dimensional pattern according to the present invention. The characteristics of 
the resulting formable composite sheet are shown in Table 1. 

The following observations are drawn from Table 1. The formable composite 
sheet of the present invention has formed thereon a three-dimensional pattern composed 
of flat parts and random protruded parts. The thickness largely varying between the 
flat parts and the protruded parts, the composite sheet has an appealing three- 
dimensional appearance and a uniform surface pattern. The composite sheet is tough 
with sufficient adhesion between the skin material and the nonwoven sheet, high peel 
strength, satisfactory resistance to fuzzing on its back surface, and high tear strength. 

The composite sheet exhibits excellent three-dimensional formability as 
represented by low stress at 30% elongation at 120°C and high elongation at break at 
120°C. Additionally, the resulting formed article has sufficient heat resistance. 

It has thus proved that the formable composite sheet with three-dimensional 
pattern according to the invention has a deep three-dimensional pattern uniformly 
formed on its surface, is soft and appealing in appearance, and shows excellent 
formability. 

COMPARATIVE EXAMPLE 1 

A composite sheet was prepared in the same manner as in Example 1, except 
that partial hot pressing was not carried out. The characteristics of the composite sheet 
are shown in Table 1. It is seen from Table 1 that the composite sheet has pattern 
defects, such as distortion due to shrinkage difference between the edges and the center 
and size irregularity of the protruded parts due to basis weight unevenness. 

The composite sheet was also poor in such characteristics as fuzzing resistance 
on its back side (nonwoven sheet side). Nevertheless, the composite sheet was 
excellent in formability similarly to Example 1. 
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It is proved that the composite sheet which has not been hot pressed in parts is 
poor in appearance quality as aimed in the invention and in some characteristics and 
fails to sufficiently fulfill the requirements of the present invention. 

COMPARATIVE EXAMPLE 2 

A nonwoven sheet made of polyvinyl chloride fiber (Teviron from Teijin; 
120°C dry heat shrinkage percentage: 42%; fineness: 3 denier; fiber length: 51 mm) and 
having a basis weight of 100 g/m 2 was used as a high shrinking nonwoven sheet (120°C 
dry heat shrinkage percentage: 33% in MD, 31% in TD). 

A composite sheet was prepared in the same manner as in Example 1 with 
respect to the kind of the skin material and the methods of adhesion, partial hot pressing, 
and thermal shrinkage, except for using the above-described high shrinking nonwoven 
sheet. The characteristics of the resulting composite sheet are shown in Table 1 . 

The following observations are extracted from Table 1. Since the hot-pressed 
parts are not heat set during the partial hot pressing, a three-dimensional pattern is 
partially formed in these parts in the thermal shrinking step, resulting in a failure to 
form sufficient flat parts. That is, a mixed configuration of shrinkable parts and non- 
shrinkable parts is not obtained for assuring uniformity of a surface pattern as aimed in 
the invention. As to formability, the composite sheet has poor three-dimensional 
formability because it suffers from marked non-uniformity of thickness when heavily 
deformed. Moreover, the resulting formed article has poor heat resistance. In short, 
satisfactory results meeting the object of the invention were not obtained. 

COMPARATIVE EXAMPLE 3 
A composite sheet was prepared in the same manner as in Comparative 
Example 2, except that the partial hot pressing was not carried out. The characteristics 
of the resulting composite sheet are shown in Table 1. As is seen from Table 1, 
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because there has been formed no mixed configuration of shrinkable parts and non- 
shrinkable parts by partial hot pressing, the resulting composite sheet suffers from the 
same appearance defects as in Comparative Example 1. As for formability, the 
composite sheet develops noticeable non-uniformity in thickness when heavily 
deformed. Moreover, the formed article has poor heat resistance. In short, 
satisfactory results meeting the object of the invention were not obtained. 
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[Effect of the Invention] 

The formable composite sheet of the present invention has a three-dimensional 
pattern of high projections (deep depressions) evenly distributed on its surface. It is 
excellent in appearance and design, is lightweight and flexible, and has a three-dimensional 
formability. Therefore, it can widely be used for formable materials in the field which 
cannot have been handled by the conventional artificial leather or PVC leather, e.g., 
various trays such as bags, cases and pouches, inner decoration materials for automobile, 
interior materials, and packaging materials. 

4. Brief Explanation of Drawings 

Fig.lA is schematically perspective view of a formable composite sheet with 
three-dimensional pattern according to the present invention, and Fig. IB is its cross- 
sectional view, wherein 1 indicates a three-dimensional pattern, and numeral 2 indicates a 
flat part. Numeral 3 is a skin material; 4, an adhesive;. and 5, a nonwoven sheet. 

Fig. 2A is schematically cross-sectional view of a formed product in which a 
three-dimensional pattern remains on its surface by forming a composite sheet. Fig. 2B is 
schematically cross-sectional view of a formed product in which a composite sheet is 
formed to a larger degree of deformation and a three-dimensional pattern disappears. 

Numerals 6 and 8 show a part which has undergone no surface change, and 
numerals 7 and 9 indicate a part where the composite sheet has been stretched by forming 
and has slightly flattened the three-dimensional pattern. 

Fig. 3 is a graph showing an example of the X-ray diffraction intensity curve of 
polyethylene terephthalate fiber, in which a indicates a crystalline region, and h an 
amorphous region. 
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